Introduction {#sec1-1}
============

Peptic ulcer is defined as mucosal erosion of the gastrointestinal tract (GIT) which is ≥0.5 cm. It is among the commonest causes of ill-health, especially with increased sophistication and adoption of western lifestyle. This western lifestyle with attendant stress, consumption of low-fiber junk food, and smoking are important contributory factors.\[[@ref1]\] *Helicobacter pylori* infection of upper GIT is implicated in the pathogenesis of peptic ulcer and many other GIT disorders like gastritis and gastric cancers.\[[@ref2][@ref3]\] It has been demonstrated that eradication of *H. pylori* infection was followed by a reduction in the incidence of peptic ulcer disease.\[[@ref4]\] Thus, the pathogenesis of peptic ulcer largely revolves around low-fiber diet, *Helicobacter pylori* infection of upper GIT, nonsteroidal anti-inflammatory drugs use, stress, and probably cigarette smoking.

Gastric erosion and subsequent ulceration is associated with oral consumption of NSAIDs. Use of these anti-inflammatory agents is very common among the elderly who usually suffer from arthritis and other inflammatory joint diseases that require treatment with NSAIDs. For these elderly NSAID users, fatal complications occur in as high as 1 per 1000 users.\[[@ref5]\] NSAIDs generate oxygen free radicals that play important roles in the pathogenesis of gastrointestinal mucosal injury.\[[@ref6]\] They also inhibit cyclo-oxygenases, which leads to reduced synthesis of prostaglandins; chemical mediators that increase production of cytoprotective mucus in epithelial surfaces.

The role of stress in the pathogenesis of peptic ulcer is not clearly understood. It is probably related to decreased enteric blood flow as a result of stress-induced sympathetic discharge. This results in shock-like circulating disturbance of enteric and gastric blood supply, culminating in necrosis of apical mucosal cells.\[[@ref7]\]

Poor efficacy occasioned by drug resistance and adulteration coupled with high cost and relative inaccessibility of orthodox drugs have heightened interest in herbal medication. Diseases like HIV/AIDS, malaria, tuberculosis, cancer, diabetes mellitus, and hypertension have continued to defy orthodox medical solutions. In particular, the treatment of peptic ulcer disease poses therapeutic challenges to both patients and physicians alike because of the tendency of ulcers to relapse. The more efficacious antiulcer drugs such as omeprazole and misoprostol are very expensive and not readily available in rural areas. Others, such as cimetidine, have unacceptably high incidence of adverse effects, especially in male patients.

There is therefore the need for continued search for antiucler drugs with more favorable pharmacokinetic and economic profiles. Medicinal plants with known ulcer-healing properties include *Piper betel* and *Terminalia chebula*.\[[@ref5]\] Traditional healers in Southeast Nigeria use the root, stem, and leaf decoctions of *Synclisias cabrida* in the treatment of upper abdominal pains, dyspepsia, menstrual pains, and sexually transmitted diseases. The objectives of this study, therefore, include:

To determine the antiulcer properties of the stem extract of this plant so as to justify its use in tradomedicine for treatment of stomach ulcers.To determine the possible mechanisms of action this plant\'s extracts as an antiulcer agent.

Materials and Methods {#sec1-2}
=====================

Drug source {#sec2-1}
-----------

Cimetidine tablets (Sigma Ltd, London)Indomethacin tablets (British Drug House)Histamine (Sigma Ltd, London)Atropine sulfate (British Drug House)

Animals {#sec2-2}
-------

Adult male and female albino mice weighing between 16 and 18 g. Animals were maintained and utilized in accordance with the standard guide for the care and use of laboratory animals. Approval for this study was obtained from the Ethics Committee, Abia State University.

Collection and identification of the plant {#sec2-3}
------------------------------------------

The plant, *Synclisia scabrida* (uziza in Igbo), was collected from a farm land in Owerri, Imo State of Nigeria, and was identified by Mr. JMC Ekekwe of Department of Botany, University of Nigeria, Nsukka, and a voucher specimen was deposited there.

Preparation of plant extracts {#sec2-4}
-----------------------------

Fresh stems of the plant were obtained, washed, air-dried, cut into small sizes, and pounded in a mortar into a coarse powder. For the ethanol extraction, 50 g of the powdered material was soaked in 200 mL of 80% ethanol and left to stand at room temperature for 36 h, with occasional shaking.\[[@ref8]\] For hot water extraction, 50 g of the powdered material was soaked in 200 mL of hot water (100°C) and left to stand for 4 h with occasional shaking.\[[@ref8]\] After standing for appropriate hours, each portion was filtered through Whatman No. 1 filter papers and the filtrates were collected. The filtrates were evaporated to dryness in a steady air current and the residues collected after which the percentage yield of the extract was calculated.

Determination of pH of crude extracts {#sec2-5}
-------------------------------------

1.0 g of each extract was mixed with 10 mL de-ionized water and the pH of the resulting solution was measured using a pH meter.

Fractionation of the crude extracts {#sec2-6}
-----------------------------------

This was done using column chromatography with chloroform/ethylacetate/hexane solvent system Sufficient quantity of silica gel (particle size 0.063-0.1 mm) was wet packed using the chloroform/ethylacetate/hexane (7:2:1, v/v/v) solvent system. This was followed by the addition of 5.0 g of each extract in chloroform. The extract was placed on the column and then continuously eluted with the mobile phase solvent (chloroform/ethylacetate/hexane, 7:2:1, v/v/v) and fractions/aliquots were collected in the test tubes. The fractions were compared by TLC mobility and color reaction and similar fractions in separate evaporating dishes and evaporated under a steady air-current in a tune chamber. The percentage yield and pH of the pooled fraction were also determined. Phytochemical analysis was carried out on the crude extract and pooled fractions.

Labeling and storage extracts {#sec2-7}
-----------------------------

The crude extract and fractions were put in clean sterile containers, labeled, and stored in a refrigerator until use.

Acute toxicity test {#sec2-8}
-------------------

Using the modified method of Lorke, the LD~50~ of the crude extract was determined.\[[@ref9]\]

Evaluation of antiulcer properties of crude and pooled fraction extract on different ulcer models {#sec2-9}
-------------------------------------------------------------------------------------------------

The antiulcer activity of the extracts was evaluated on three ulcer models in albino mice. These models included:

Indomethacin-induced ulcer modelHistamine-induced ulcer modelStress-induced ulcer model

The albino mice in each case were fasted for 24 h and allowed free access to water until 2 h prior to the experiment.

Preliminary tests {#sec2-10}
-----------------

These tests were done to determine the least effective doses of indomethacin and histamine that would produce 100% gastric ulcers in test animals in 4 h and to determine the minimum dose of the crude hot water extract that has highest antiulcer activity. For indomethacin, this was done by administering various oral doses of indomethacin (40, 60, 80, and 100 mg/ kg body weight) respectively to four groups of animals, consisting of three animals in each group. For histamine, this was done by administering various doses of histamine (0.2, 0.3, 0.4, and 0.5 mg/kg body weight) respectively to four groups of animals, consisting of three animals in each group. 100 mg/ kg indomethacin and 0.5 mg/kg histamine were respectively found to produce 100% gastric ulceration in all the animals in 4 h.\[[@ref10]\] The animals were sacrificed with chloroform, their stomach dissected out and opened along the greater curvature, rinsed under a stream of clean water, and pinned flat on a corkboard. The stomachs were examined with hand lens (×10 magnification) for gastric ulcers.

To determine the minimum dose of the crude hot water extract (HWE) that would possess greater antiulcer activity, 50, 100, 200, and 400 mg/kg body weight of the crude HWE was administered to another four groups of test animals consisting of three animals per group before oral administration of indomethacin and histamine as above, and it was found that 400 mg/kg body weight HWE produced the greatest antiulcer activity. This dose was also adopted for other extracts (ethanol, PF-1, PF-2, and PF-3).

Using optimal doses of drugs and extracts from the preliminary tests, the following tests were done using another set of albino mice.

Indomethacin-induced ulcer {#sec2-11}
--------------------------

28 albino mice of both sexes, weighing between 16 and 18 g, were randomized into seven groups of 4 animals per group and labeled A-G. The animals were fasted for 24 h and allowed free access to water until 2 h prior to the experiment.

The animals received the following drugs and control orally:

Group A (positive control) received 100 mg/kg cimetidine (1.6 g in 0.5 mL distilled water)

Group B received 400 mg/kg ethanol extract (EE) (6.4 g in 0.5 mL distilled water)

Group C received 400 mg/kg HWE (6.4 g in 0.5 mL distilled water)

Group D received 400 mg/kg PF-1 (6.4 g in 0.5 mL distilled water)

Group E received 400 mg/kg PF-2 (6.4 g in 0.5 mL distilled water)

Group F received 400 mg/kg PF-3 (6.4 g in 0.5 mL distilled water)

Group G (negative control) received 5 mL/kg 3% v/v Tween 80 orally.

Thirty minutes following the respective treatment, ulcer was induced with indomethacin 100 mg/kg (1.6 g in 0.5 mL water) orally as determined in the preliminary test. Six hours after this, the animals were sacrificed and their stomachs examined for ulcers as described above. The gastric ulcers were rated as shown below.\[[@ref11]\]

![](AMHSR-2-134-g001)

Ulcer index was calculated by multiplying the number of ulcers whose diameters fall within a designated ulcer diameter range with the corresponding severity rating and dividing the mean of the product by a factor 10.\[[@ref11]\]

Histamine-induced ulcer {#sec2-12}
-----------------------

The procedure was repeated as for indomethacin-induced ulcers using another set of animals; except that ulcers were induced with 0.5 mg/kg histamine (80 mcg in 0.5 mL distilled water) orally instead of indomethacin. The ulcer index was equally scored according to the guide provided above.

Stress-induced ulcer {#sec2-13}
--------------------

The method adopted by Suzuki *et al*. 1976 and Okwuosa *et al*. 2006 was used.\[[@ref12][@ref13]\] The doses of controls and extracts were repeated as for the two models above, but stress was used to induce ulcer in another set of animals. The doses of drugs/extracts were repeated thrice a day. After the third dose, the animals were challenged to cold-induced stress by putting them in restraint cages containing water and kept in a refrigerator at 15°C for 18 h. Thereafter, the animals were sacrificed, and gastric ulcers were counted and rated as above. Percentage of ulcer protection was calculated as follows.\[[@ref11]\]
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Gastrointestinal motility (charcoal meal) test {#sec2-14}
----------------------------------------------

84 albino mice of both sexes, weighing 16-18 g, were randomized into seven groups of 12 animals each and the groups labeled 1-7. The animals were fasted for 24 h as well as allowed free access to water until 2 h prior to experiment. Thereafter, the following were given to the animals orally:

Group 1 (Negative control): 5 mL/kg of 3% v/v Tween 80

Group 2 (Positive control): 5 mg/kg A - atropine sulfate

Group 3: 400 mg/kg of crude EE

Group 4: 400 mg/kg of crude HWE

Group 5: 400 mg/kg of PF-1

Group 6: 400 mg/kg of PF-2

Group 7: 400 mg/kg of PF-3.

Five minutes after administration of drugs, 1.0 mL of charcoal meal (5% deactivated charcoal suspended in 10% aqueous solution of tragacanth) was administrated orally to each animal. After 30 min, 60 min, 120 min, and 240 min, three animals in each group were sacrificed using chloroform, and the stomach, small intestine, and large intestine were dissected out. The intestinal distance in centimeters moved by the charcoal meal from the pylorus was measured using a meter rule and the values obtained were expressed as percentage of distance from pylorus to ileocecal junction.\[[@ref10]\]

Statistical analysis {#sec2-15}
--------------------

The figures obtained were expressed as mean values. These values were further tested for statistical significance (students *t* test) using GraphPad Prism 5 (USA).

Results {#sec1-3}
=======

Yield of the extracts {#sec2-16}
---------------------

The yield of both EE and HWE are shown in [Table 1](#T2){ref-type="table"}.

###### 

The yield of both ethanol and hot water extracts with their respective pH values
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Phytochemical analysis {#sec2-17}
----------------------

Phytochemical analysis of the crude extracts and their fractions revealed the presence of cardiac glycosides (+++), tannins (+++), saponins (+), flavonoids (++), carbohydrates (++) and alkaloids (+++).

Acute toxicity test {#sec2-18}
-------------------

No death was recorded among the experimental animals within the 48-h observation period after oral administration of up to 5000 mg/kg of the crude extracts and their fractions.

Results of antiulcer activity test {#sec2-19}
----------------------------------

The effects of the crude extracts (EE ×HWE), pooled fractions (PF-1, PF-2, and PF-3) and standard drug (cimetidine) on indomethacin-induced ulcer models in mice were compared with those produced by control (3% v/v Tween 80).All the crude extracts and pooled fractions offered significant (*P* = 0.001) protection against indomethacin-induced ulcer in adult albino mice of both sexes as shown in [Table 2](#T3){ref-type="table"}. The same was done for histamine- and stress-induced ulcer models, and the results are presented in Tables [3](#T4){ref-type="table"} and [4](#T5){ref-type="table"}, respectively. Both the crude and the fractional extracts at oral doses of 400 mg/kg reduced gastric motility significantly (*P* = 0.001) when compared with negative control (3% v/v Tween 80) as shown in [Table 5](#T6){ref-type="table"}.

###### 

Effect of crude extracts and their fractions on indomethacin-induced ulcer models in adult albino mice
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###### 

Effect of crude extracts and their fractions on histamine-induced ulcer models in adult albino mice
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###### 

Effect of the crude extracts and their fractions on stress-induced ulcer models in adult albino mice
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###### 

Effect of the crude extracts and their fractions on gastrointestinal motility of adult albino mice
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The figures represent distances (in cm) traveled by charcoal meal. Differences between values are significant (*P* = 0.001) relative to negative control group. Values are ±SEM.

Discussion {#sec1-4}
==========

In the study, the crude extracts of *S. scarida* and their fractions exhibited significant antiulcer properties in different ulcer models of adult albino mice.

The percentage yield of the extract using ethanol as extraction solvent was higher than that using hot water \[[Table 1](#T2){ref-type="table"}\]. The higher yield of extract obtained with EE compared to HWE could be explained by higher proportion of plant chemical constituents being soluble in ethanol.\[[@ref14]\] This is in keeping with earlier findings that EE solvents generally yield more crude extract than aqueous extraction solvents.\[[@ref15][@ref16]\] However, extraction solvent alone does not determine the yield of crude extracts. Other factors like extraction time, temperature, sample to solvent ratio, as well as chemical and physical characteristics of the sample also affect the yield of crude extracts.\[[@ref17]\]

The LD~50~ of the crude extracts and their fractions was greater than 5000 mg/kg body weight. This implied that the crude extracts and their fractions have low potential for toxicity because Lorke (1983) had earlier demonstrated that chemical compounds with LD~50~ of up to 5000 mg/kg body weight have very low toxic potentials.\[[@ref9]\] The National Academy of Science (1975) also suggested compounds that do not show adverse effects when given in doses of 3000-5000 mg/kg body weight are essentially non-toxic.\[[@ref18]\]

Peptic ulcers develop as a result of imbalance between aggressive action of acid-pepsin secretion and maintenance of mucosal integrity.\[[@ref19]\] Apart from excessive and secretion, NSAIDS induce gastric ulceration by inhibition of cytoprotective endogenous prostaglandins synthesis as well as increased production of leukotrienes, which may induce mucosal vasoconstrictions, there by reducing local blood flow and enhancing mucosal injury.\[[@ref20][@ref21]\]

Therefore, the ability of the crude and pooled fractions of the extract to significantly (*P* = 0.001) protect against indomethacin-induced ulcers \[[Table 2](#T3){ref-type="table"}\] may indicate prostaglandins-mediated cytoprotective mechanism of action. This finding is similar to that obtained with unripe plantain and banana (Musa species) on aspirin-induced ulcerogenesis in rats.\[[@ref22]\]

Histamine, a potent stimulator of parietal cells, has an essential role in the pathogenesis of peptic ulcer disease. Apart from stimulation of gastric acid secretion, it also produces mucosal microcirculatory changes, which contributes to gastric ulceration.\[[@ref23][@ref24]\] Therefore, the ability of the extracts to protect against histamine-induced ulcers \[[Table 3](#T4){ref-type="table"}\] suggests histamine receptor blockade as a possible mechanism of action mechanism.

Stress induces activation of the sympathetic system with release of vasoactive amines that generate ischemia by reducing blood flow to the gastric mucosa. This causes mucosal damage as well as generates oxidative stress, which decreases prostaglandin synthesis that will farther cause mucosal damage.\[[@ref25]\]

Gastric ulcer, like other irritants, increases gastric emptying and most antiulcer drugs decrease gastric emptying.\[[@ref26]\] Studies have shown that antispasmodic activity and decreased gastric motility leading to mucosal flattening is associated with gastric cytoprotection.\[[@ref19][@ref27]\] Decreased gastric motility increases absorption of orally administered antiulcer agents promoting healing. The ability of the crude extracts and pooled fractions to significantly reduce GIT motility \[[Table 5](#T6){ref-type="table"}\] may be due to anticholinergic activity. This inherent antidiarrheal activity of the extracts is a plus in the treatment of ulcer, bearing in mind that some antiulcer agents such as pantoprazole and tripotassium misoprostol have diarrhea as one of their adverse effects.\[[@ref28]--[@ref30]\] Further studies are needed to isolate and study the effects of the active principles of this plant.

Conclusion {#sec1-5}
==========

The stem extracts of *Synclisias cabrida* at doses used in this study exhibited statistically significant antiulcer activities in indomethacin-, histamine- and stress-induced gastric ulcers in albino mice. The use of the extracts of this plant in tradomedicine for treatment of abdominal pains is therefore justified. The mechanism of antiulcer activity appears to be cytoprotective and antispasmodic in nature. These extracts, may, therefore, be of value in development of novel agents in the treatment of peptic ulcers.
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